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Abstract
With the rapid growth of information on the Web, a means to combat informa-
tion overload is critical. In this paper, we present ViDE (Visual Data Extraction),
an interactive web data extraction environment that supports eÆcient hierar-
chical data wrapping of multiple web pages. ViDE has two unique features that
dierentiate it from other extraction mechanisms. First, data extraction rules
can be easily specied in a graphical user interface that is seamlessly integrated
with a web browser. Second, ViDE introduces the concept of grouping which
unites the extraction rules for a set of documents with the navigational pat-
terns that exist among them. This paper describes our initial development of
the system.
1 Introduction
With the Web becoming a major information repository, data extraction on the
Web becomes increasingly important. Several major factors, among others, make
data extraction on the Web a diÆcult task:
{ Data on the Web is semistructured in the sense that the structure of the
data is irregular and the schema of the data is not given in advance.
{ Related information is distributed over many web pages on many web sites.
{ Data on the Web is dynamic. Both the content and the representation of the
data are subject to frequent changes.
ViDE (Visual Data Extraction) [8] is an interactive web data extraction envi-
ronment that combines the exibility of manual extraction and the productivity
of automated extraction. Like many other systems, it uses a mediator-based ar-
chitecture [6]. ViDE has some important features that facilitate eÆcient and
eective extraction of a large number of web documents: the user interface is
seamlessly integrated with a Web browser, in which all kinds of operations can
be performed in an intuitive manner; data ltering and in-place renement are
used to help improve the accuracy and eÆciency of extraction; document struc-
ture is combined with navigational patterns to extract multiple web documents.
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This paper focuses on the graphical user interface of its working environment. [8]
is a more complete account of ViDE on its core data structures and algorithms.
The paper is organized as follows: In Section 2, we discuss related work.
Section 3 gives an overview of the whole system. Section 4 introduces the user
interface. Section 5 is about single page extraction. Section 6 describes how
multiple pages can be extracted. Section 7 demonstrates the power of ViDE by
a non-trivial example. Finally, Section 8 concludes the paper.
2 Related Work
A considerable body of work has been done to research various aspects of dealing
with semistructured data on the Web [12, 13, 9, 11]. Here we will only discuss
those related to the development of visual interfaces for interactive systems.
BBQ [3] is a tool for browsing and querying XML data sources. The user
interface supports working with multiple documents at the same time. A notice-
able feature of BBQ is in-place query renement, which allows the results of a
query to serve as data sources of the subsequent queries.
W4F [10] has a unique data extraction mechanism that can extract an HTML
document both as a plain text stream and as a tree dened by its HTML tags.
This allows a great deal of exibility in data extraction specication. Further-
more, an extraction wizard is used to give some hints on writing extraction
rules. For HTML documents with complicated structures, the wizard is fairly
primitive. Multiple-document extraction is possible but not well supported.
Extraction rules in Araneus [4, 5] is specied in a procedural language:
Editor, which performs pattern matching, text copying, cutting and pasting to
manipulate text streams. An obvious drawback of this approach is that wrappers
are hard to specify and maintain.
XWRAP [2] is a wrapper code generation framework which provides a web
browser-based interface for extraction specication. After the user species in-
teresting regions in a web page, XWRAP uses some predened heuristics or
templates to derive extraction rules. This certainly simplies the extraction rule
specication process, but also leaves little space for customization.
NoDoSE [7] is in spirit very close to ViDE. Intended to extract general text
les, it is inherently not strong on extraction rule specication. It totally depends
on the user's discrimination for document structure analysis. Multiple-document
extraction is achieved through document structure mining. Given a set of les,
a well-designed interface allows the user to interactively decompose sample les
into certain formats. This information is then used as the input of the structure
mining algorithm to infer the grammar of all the les.
3 Overview
A complete web data extraction system involves many aspects of data technol-
ogy: data extraction, data scrubbing, data integration, etc. However, our experi-
ence suggests that the diÆculty in data extraction constitutes a major obstacle
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against eÆcient web data utilization. Thus in the design and implementation of
ViDE, we have made a considerable eort to resolve or alleviate this matter.
In particular, answers to the following questions have had the most signicant
impacts on the overall design of ViDE:
{ How to model HTML data? Similar to [2, 3, 10], in ViDE, a web page is
treated as a tree dened by its HTML tags; hyperlinks serve as unidirectional
links that glue these pages together.
{ Should the data extraction process be interactive or automatic? We opt for
an interactive approach for the following reasons: The Web is by its nature
heterogeneous; online documents are becoming increasingly complicated; the
distinction between useful data and useless data is highly context dependent.
{ How to eÆciently extract not just a few web pages, but as many as hundreds
of or even thousands of web pages? Our approach relies on the assumption
that similar web pages can be reached by systematically following certain
navigation patterns(hyperlinks). Thus it is possible to organize similar web
pages into document groups that can be processed eÆciently.
The design of ViDE enables eÆcient data extraction on the web, but does not
by itself provide it. Its power shines full while dealing with well organized web
sitesils. Even with ill-formed HTML pages, the data exploration facility provided
by ViDE is of great help in capturing the essence of the data at hand.
The process of data extraction in ViDE is iterative, as shown in Fig. 1. Three
major stages round out a complete cycle of data extraction: ltering rule speci-
cation, extraction rule specication, and navigation rule specication. The new
navigation rules specied at the end of each cycle will lead to the generation
of new document groups from existing document groups, thus activating a new
round of document group extraction activity. Another consequence of this pro-
cedure is that the document groups are hierarchically organized.
To bootstrap the whole process, the user starts with a root web page which
is the only member of the root document group. Then the user iterates through
the data extraction cycle, rening rule specications along the way, until all
the desired data has been included in the nal data extraction hierarchy. Some
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Fig. 2. The Main Window
concepts, such as document group and group rule derivation, will become clear
after we introduce multiple web page extraction.
Once a data extraction plan has been specied, it can be scheduled for re-
peated execution. The extracted data can be cleaned and exported to relational
database systems. ViDE provides all the necessary tools to perform these tasks.
4 The Graphical User Interface
Targeted at both professional and casual users, ViDE has a totally interactive
interface. To extract data, there is no need for the user to work with a home-
brewed little language, which often works well for small or regular web pages,
but becomes awkward and clumsy for complicated web pages.
As in Fig. 2, the main window of ViDE has three major parts: the browser
window on the top-right, the tag tree window on the top-left and the project
window at the bottom. The browser window is a fully functional web browser
with extensions to support interactive data extraction. The user uses this window
to browse the Web exactly the same way as he does with the Internet Explorer.
The user may open multiple browser windows at the same time. This may be
convenient while extracting data from multiple web pages containing related
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information. The tag tree window shows the parsed tag tree of the current web
page. The project window displays all the web pages to be extracted as a tree.
The structure of the tree reects the inter-document hierarchy of those web pages
(see Section 6).
5 Extracting A Single Page
After the user species the URL of the web page to be loaded, ViDE displays
the page in the browser window. Internally, the web page is parsed into a tag
tree [1] that conrms to the syntax of HTML, i.e., each HTML tag pair forms
a node in the tag tree and a tag pair contained in another tag pair becomes a
child node of the containing tag.
The major activities involved in single page extraction include data selection,
data ltering and data extraction.
5.1 Data Selection
Data selection is a critical factor that ultimately decides the eÆciency of extrac-
tion rule specication. In ViDE, it is accomplished through active nodes. In the
tag tree of a page, some nodes are active. Only active nodes can be selected for
ltering or extraction. Selecting multiple active nodes is allowed. Extracting an
active node results in the extraction of the whole sub-tree rooted at the node.
An important property of active nodes is that the set of active nodes form a par-
tition of the leaf nodes of the tag tree. This guarantees that wherever the mouse
pointer is positioned, there will always be a unique active node with mouse focus.
As shown in Fig. 3, two operations are dened for an active node: drill down
and bubble up. Drilling down an active node deactivates the node itself and
activates all its direct children nodes, while bubble up activates the parent of
the active node and deactivates all other active nodes in the subtree rooted at
the parent node. This way, data extraction can be done at arbitrary granularity,
from the whole tag tree to a single leaf node. The conformance of extraction to
the internal structure of a web page is automatically enforced in this process.
Since the tag tree of a web page is often considerably more complicated that
it appears to be, the drill down/bubble up operation may be quite counter-
intuitive for some web pages. To mitigate this situation, the tag tree of a web
page is displayed side by side with its browser view (Fig. 2). The tag tree view
reveals the logical structure of a web page and helps the user make better decision
on how the web page should be extracted.
Another facility in ViDE that may be of great help for specifying extraction
rules is indication highlighting. Indication highlighting illuminate the range of an
active node in the browser view so that the user can visually recognize the current
data that may be extracted. This is best explained by the example in Fig. 4.
Shown in the browser view is an HTML table that contains some stock statistics
for dierent IT sectors. Since we are only interested in some specic sectors,
we have drilled down that the TABLE tag that represents the table. The current
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active nodes are a set of TR (table row in HTML) tags. When the user moves
mouse cursor over an active node, in this case, the chips sector, the background
of the row is highlighted. With indication highlighting, the user can identify data
extraction components easily and accurately.
5.2 Data Filtering
In ViDE, extraction is enhanced by data ltering and extraction, which is an
indirect extraction technique that removes unrelated data from a web page. It
is based on the observation that many well designed web sites adopt a uniform
interface design across the whole web site. For example, it is common to use
a horizontal bar on the top to show the logo of the company and a vertical
bar on the left to list the content categories of the site. These parts of a web
page generally do not contain interesting data and complicates the process of
data extraction. Filtering not only simplies extraction but also leads to resilient
data extraction.
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6 Extracting Data from Multiple Pages
Most systems capable of extracting multiple document extraction have focused
on extracting a set of documents with similar internal structures. This is inade-
quate when applied to the Web where information is often spread across many
pages that are organized into a tree-like structure through hyperlinks. ViDE
support extracting multiple web pages organized in this manner.
In ViDE, central to multiple-document extraction is the concept of docu-
ment grouping that unites the extraction rules of a set of web pages and the
navigational patterns that exist among them. Web pages can be either semanti-
cally similar, that is, they have similar internal representations, or navigationally
similar, that is, they are accessed through similar hyperlinks. ViDE provide two
cooperative mechanisms to support the grouping of web pages: navigation rule
derivation by example and extraction rule derivation by example. Combined
together, they provide a powerful data extraction mechanism.
6.1 Deriving Navigation Rules by Example
In ViDE, multiple document groups are constructed in a navigational manner
to form a tree hierarchy, as shown in Fig. 5. In the gure, document groups
are represented by shaded areas. The white boxes in a group are the member
web pages of the group. The thick edge between two groups is a navigation rule
that is explained below. The thin edge connecting two web pages represents a
hyperlink from the parent node to its child node.
It is clear that there are indeed two hierarchies in ViDE: one for documents
and one for document groups. To elaborate, we now step through the process
of how these two hierarchies come into being. Our starting point is a single web
page that eventually links to the web pages we are interested in. This page is not
only the root of the web page hierarchy, but also the only member of the root
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group, which is the root of the document group hierarchy. We may now specify
a navigation rule for the root page. The navigation rule of a web page dictates
how we can navigate to other web pages by following some hyperlinks in that
page. For instance, given an HTML table in a web page, a navigation rule can
simply state that we should follow all the hyperlinks in the rst column of the
table. A document group may also have navigation rules. The navigation rule
of a group is applied to every member of the group. The resulting web pages
constitute a new group, which is a child group of the original group. In Fig. 5,
after applying navigation rule NR0.0 to the root page (hence Group0, since it
has only one member), two new web pages are obtained, which form a new group
Group1:0. This can be repeatedly performed for the new groups until we have
all the web pages we need. Also, a group may have multiple children groups in
that multiple navigation rules may be specied for a group. The table in Fig. 5
summarizes the relationships between dierent document groups.
Given a group with multiple member web pages, the user does not have to
specify navigation rules for every one of them. Since these web pages indeed have
similar structures, ViDE is able to derive group navigation rules based on the
examples given by the user.
In ViDE, URLs for individual web pages, except the root page, are never
saved. To get at web pages to be extracted, we always start from the root page
and evaluate all the navigation rules on the y. This scheme works especially
well for dynamically generated web pages.
6.2 Deriving Extraction Rules by Example
Extraction by example is also based on the document group hierarchy. Again,
there are two types of extraction rules: a document extraction rule states how
to extract data from a specic web page while a group extraction rule is applied
to every member of the group for data extraction. Group extraction rules are
derived from examples given by the user.
The hierarchy of document groups plays an important role in subsequent data
integration activities that aggregate and consolidate the extracted data. This
information is preserved through storing extracted data in a directory whose
structure is identical to that of the document group hierarchy. All directories
are named after the name of the corresponding group. The relationships between
documents are embodied in le names that follow a certain naming convention.
6.3 In-place Renement
The purpose of in-place renement is to oset the black-box eect of the by-
example approach, i.e., for the user the group rule derivation algorithm works
like a black-box whose products are not immediately obvious. The result of an
extraction rule may be a surprise for the user if the algorithm does not work the
way as the user expected or the user did not pick up a proper web page as an
example. In-place renement gives the user a chance to inspect and improve the
result of extraction before submitting it for nal execution.
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Table Name Pages extracted No. of elds No. of tuples
SectorInfo 1 4 12
CompanyInfo 12 4 224
RecentFiling 214 3 3116
CompetitorInfo 230 3 15866
Table 1. Table Statistics for a Single Execution
7 Example
As an example, we use ViDE to extract some stock information from the CNN
nancial network [14]. A data extraction plan is specied with just a few mouse
clicks, as shown in Fig. 6: We start from the root page of the technology stock
(http://cnnfn.cnn.com/news/ technology/techstocks/), which has a table of stock
statistics for twelve sectors of technology industries such as cables, blue tech
chips, software etc. Each entry of the table links to a web page with stock statis-
tics for all the companies in that sector, which again links to web pages with
more detailed stock quotes on a specic company. From the company quotes
page, hyperlinks for various types of information are available. In this example,
we pick two of them: competitors and recent lings. In the nal plan, there are
a total of ve document groups for which four navigation rules are specied: one
for \Sector Stat", one for \Company Stat" and two for \Company Quotes".
The execution of the above extraction plan retrieved 704 web pages, in which
235 were for pure navigational purpose. In the 469 pages extracted, 457 were suc-
cessful. A data transforming tool was used to export the extracted data into a
Microsoft Access database. To better highlight the strength of ViDE, the infor-
mation about these tables has been summarized in Table 1. Using an extraction
scheduling tool to automate this task at 10AM everyday for a week, we were
able to accumulate above 100000 records of stock information for more that 300
companies. As we can see, simple being the extraction plan, it does accomplish
a non-trivial data extraction task with little human involvement.
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8 Current Status and Future Work
ViDE is implemented on the Microsoft Windows platform. This is because ViDE
needs a way to customize a web browser at a pretty low level, besides being
tightly integrated with a web browser. This can be achieved with the Internet
Explorer relatively easier than other browsers we have evaluated. There are plans
to enhance the quality of extraction, for instance, it would be nice if the types of
extracted data can be automatically discovered based on some heuristics. Also,
we are interested in resilient data extraction based on tree pattern matching.
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